Selected results of original numeric simulations of non-linear magnetostatic spin waves and microwave-frequency magnetic chaos in ferrite films are expounded, as third part of the work whose first two parts are recent arXive preprints 1204.0200 and 1204.2423 . Especially we consider crucial role of parametric processes in creating the chaos and simultaneously obstacles to its synchronization, and examine some possibilities of good enough synchronization (to an extent allowing its use for direct secure communication in microwave band).
(kD), which corresponds to k x =2π/λ (at k y =0), with λ=2l=32D being wavelength selected by the loop geometry (see Fig.13 For practical high-frequency wide-band amplifiers, typical level of the input saturation is U sat ∼ 1 ÷ 3 V , level of output saturation is J sat ∼ 20 ÷ 70 mA , while K 0 = max |K(ω)| ∼ 5 ÷ 15 , and linear frequency characteristics can be modeled by
(A)). (C) Excess energy, E(t). Negative correlation between E(t) and
with τ d describing time delay. In numerical simulations, usually values ω 0 /2π = 3.4 GHz and g = 6 · 10 9 s −1 were used, as in INA-32063 wideband silicon RFIC amplifier ( τ d is small as compared with time delays in film and therefore insignificant). In this numerical experiment, two variants of separation, x , of feedback and active inductors were considered, with x = x 1 = 2λ and x = x 2 = 1.8λ , where λ = 2l = 1 mm is maximum of wavelengths preferably selected by the loop antennae. Comparison of these cases demonstrates, at plot (D), that auto-generation spectrum is sensitive not only to the λ but also to x . It could be expected, because any phase shift in feedback should be compensated by equal magnetic wave phase difference, k x x , between antennae, with k being a dominating wave vector. At smooth feedback frequency characteristics, one can 
where ω 2 − ω 1 is corresponding change in frequency and v g is group velocity. According to this estimate, transition from x 1 = 2λ to x 2 = 1.8λ must result in increase of autogeneration frequencies, which agrees with numerical simulation. Let us more discuss the voltage spectrum. As in case of linear feedback (see above), its upper-frequency peak can be surely related to DE mode with k x ≈ 2π/λ . But what is origin of the lower-frequency peak? From watching for dynamics of magnetization pattern, it is possible to relate this peak to a long DE mode with wavelength nx where 1 n 2 .
Such mode also can get suitable phase conditions under feedback determined by Eq.1.
HYPER-CHAOS UNDER NON-LINEAR FEEDBACK.
Non-linear concurrence between the two dominating wave modes manifests itself in chaotic jumps of instant (time-local) frequency of auto-generation, ω in (t) , as shown by plots (A) and (C) in Fig.16 . It should be underlined that from the point of view of energy pattern (quasi-local energy, see Sec.6.14) the same interplay of different modes looks as the birth and drift of envelope solitons. In these terms, the frequency separation of two main peaks at plot (D) is nothing but mean number of soliton births per second (see below). Due to high power saturation level, the whole picture occurs very chaotic. Its correlation dimension obtained from voltage and magnetization time series (solid and dot lines, respectively) is d cor ≈ 4 (if not greater).
WEAK CHAOS IN GENERATOR WITH WIRE INDUCTORS.
It is interesting how the picture will be changed if two-element loop inductors are replaced by wires, at the same feedback circuit. Figs.17a and 17b can give the answer for case x = 150D (=1.5 mm) with x being distance between the wires.
In this case, two dominating modes chosen by the system are long DE waves with lengths ≈ 2x and ≈ x . In spatial spectrum of magnetization (in momentum space) the mode with length ≈ x/2 can be detected, but practically it does not contribute to voltage spectrum. Besides, as usually, a set of comparatively weak excited equal-frequency modes with k y = 0 is present. In real space non-linear magnetization pattern characteristic rhombic structuring is well visible invoked by dispersing properties of underlying linear MW eigenmodes. But frequencies of the latter become lowered by non-linearity.
At nearly the same output saturation and even greater linear gain, the whole picture is 7.6. GENERATION OF ENVELOPE SOLITONS.
In the middle plot in Fig.17b , typical spatial distribution of the quasi-local energy density (Sec.6.14) is shown (to be precise, of e loc /H 0 where H 0 is M s units). behavior of spin and of e loc /H 0 , where e loc is quasi-local energy density (Sec.6.14), at a point close to the feedback inductor. Notice that
where Ψ is the wave function (see in Sec.5.3 and Eq.5.9 there), and p is the eccentricity (see Eqs.4.6 and 5.10), i.e. can be interpreted as merely squared angle of precession. Comparison of plots (C) and (D) in Fig.18 visually prove that at fast time scale (measured in periods of precession) e loc is almost integral of motion.
What most of all impresses in plots (B), (C) and (F) is that e loc (and thus local angle of precession) never overlooks to regularly turn into either exact zero or to extremely small evidence that we observe results of essentially nonlinear self-organization of magnetization field in "clots". As in nonlinear field theory, spatially local time tracks of self-organization may be termed instantons.
As it was mentioned in Sec.5.4, to be more precise, the eccentricity, p , should be related to dominating MSW mode (instead of uniform one). In other words, the quasi-local energy introduced in Eq.6.6 must be redefined with taking into account non-local (gradient dependent) part of energy estimated by Eq.6.7. Corresponding refinement reads
where k 0 is module of dominating wave-vector (for loop inductors, |k 0 | ≈ π/l ) and the condition Dk 0 ≪ 1 is taken in mind. For comparatively short-wave chaos, this is better invariant of fast motion (precession) than what defined by (6.6).
PHASE SLIPS AND NOISE PRODUCTION.
Plots (D) and (E) in Fig.18 show that when local amplitude of precession is passing through zero its phase can slip by some angle. In contrast to ideal black solitons (see Sec.5.6), this angle can take any value different from ±π . Of course, usually two close spins undergo the same slip, but sometimes one or another spin can be beaten from common behavior. Hardly this fine detail of magnetization dynamics is unambiguously determined by a few relevant chaotic variables. Therefore, local phase slips may become the source of some amount of noise, in addition to chaos.
Although, by our observations, this noise is rather weak, probably it may create obstacles to ideal copying of chaos under synchronization.
7.9. QUASI-PERIODIC CHAOS. 
ROLE OF FILM WIDTH TO WAVE LENGTH RATIO.
Intuitively, one may predict that formation and propagation of envelope solitons is sensitive to the ratio w/λ where w is width of film and λ ( λ ≈ 2l for two-element loop antennae) is dominating wave length in magnetization pattern. The Fig.20a shows that, indeed, this is confirmed by numerical simulation of auto-generation in narrow (in the sense that w λ ) and wide ( w > λ ) films.
In narrow film, soliton takes all width of a film. In wide film, at very beginning of next soliton manufacturing one energy clot may be inflated occupying all the width but soon it breaks into two or three (or even more) solitons each of which takes a part of the width only.
Then solitons run not in parallel to film boundaries but along one of two easy propagation directions which correspond to maximum group velocity (see Sec.5). ≈100τ 0 , and contains ≈11 solitons.
this for the case when two soliton chains are created (of course, if three or five soliton chains realize then central of them moves in parallel to boundaries).
Importantly, in general in wide film (at w/λ 3 ) wave fronts (equal-phase lines) of magnetization pattern stronger are curved then in narrow film (especially in region where different soliton chains meet one another). Therefore, the wider is film the smaller is voltage (EMF) per unit length induced in direct antenna, up to that wider film can produce lower voltage (at the same precession angle) which worsens the feedback.
As example of unpretentious situation, Fig.21 presents movie of one cycle of chaotic soliton generation in moderately pumped narrow film.
ABOUT COHERENCE OF AUTO-GENERATION.
It is known that spectrum of any oscillation with arbitrary amplitude modulation and arbitrary (let random) but limited phase modulation consists of infinitely narrow line (at carrier frequency) surrounded by some pedestal. An unlimited phase modulation that is accumulation of phase slips only produces a broadening of the carrier line.
In our numerical simulations of the auto-generation (even concerning strongly chaotic regimes) accumulation of phase slips (phase diffusion) on the average did not exceed onetwo periods of carrier frequency per microsecond. Hence, coherent generation was observed, to the extent of calculation duration (apparent broadening of carrier line on spectrum plots is artifact of short-time Fourier transform).
Theoretically, the degree of coherence of chaotic generation is interesting open question. 
21 distortions. The results are far from copying of chaos. To estimate them we need in a more soft criterion for partial synchronization.
DEFECTS OF SYNCHRONIZATION.
Careful analysis of data reflected in Fig.22 yields that most part of misalignment between U M (t) and U S (t) can be related to two reasons: (i) not constant but slowly time-varying delay, ∆T (t) , and (ii) slowly time-varying amplitude shift which is in close correlation with difference between energies of master and slave film, ∆E(t) = E S (t) −E M (t) .
The latter statement is confirmed by plot (11). Notice that the delay, as shown at plot (12), may be both positive and negative (which corresponds to anticipating synchronization).
This findings mean that, approximately, the relation
takes place with some coefficient ξ . Characteristic time scale of variations in ∆E(t) , in amplitude shift ξ∆E(t) and in the delay ∆T (t) too, are about ten times slower then variations in phase and amplitude of U M,S (t) during a cycle of soliton production.
Hence, the conclusion arises that some low-frequency component of the chaotic dynamics is not sensitive to synchronizing signal and therefore hinders to synchronize fast components which themselves are rather sensitive. Additional surprising evidence for this is that sharp switching from one master signal, u M (t) , to another (may be the same but shifted by a time) temporarily improves synchronization which then becomes spoiled at longer time scale.
SYNCHRONIZATION BY FEEDBACK SIGNAL.
Seemingly, better synchronization will be achieved if synchronizing signal is taken from the "heart" of generator, i.e. from the feedback device. In the simplest variant shown by plot 
MORE ABOUT DEFECTS OF SYNCHRONIZATION.
From the power and feedback voltage time series it is seen that most of maxima and minima corresponding to soliton births are well reproduced by slave system. However, synchronization of events in the interspace between driving and feedback inductors is rather bad as registered by the powers, P M,S (t) , and control voltages, u M,S (t) , in Fig.24a .
This means that magnetization pattern in slave film imitates that in master film but never copies it.
This misalignment can be explained as follows. There is no rigid connection between film energy and a number of solitons. Some background (smoothly distributed and slowly varying) part of energy behaves more or less autonomously and remains out of synchronization.
Plots (1)- (5) in Fig.24b demonstrate that all the characteristics of instant (time-local) qual- In spite of that film is narrow ( w/λ = 2.5 ), extremely chaotic shapeless energy pattern is formed by irregularly scattered solitons (see top picture in Fig.25b ).
In this case (which may be named turbulent magnetic chaos), noticeable chaotic drift (diffusion) of the carrier phase takes place due to phase slips, as shown at plot (A) in Two interest things should be appointed.
(i) In contrast to commonly strong chaos, with d cor ≈ 3.9 if estimated from feedback voltage time series (see plot (C) in Fig.25b ), the energy behaves much more regularly and can be characterized by own fractal dimension, d cor ≈ 2.7 . Possibly, this is just manifestation of above mentioned autonomy of the energy background.
(ii) Very slow chaotic variations in energy (and thus in the carrier frequency and other related values) are observed, with characteristic frequencies down to 3 MHz (plots (D) and (E) in Fig.25b ).
CHAOTIC PULSE AUTO-GENERATION.
Slight decrease in linear gain (from 4 to 3) at the same film at same output saturation results in new interesting regime of auto-generation which is characterized by sharp pulses of the power absorption, P (t) , and voltages in feedback and driving loops, U(t) and Fig.23,A) at α=0.8. Other parameters: H 0 =400 Oe, λ=2l=0.04 cm, x=2.5λ, γ=0.0007.
Typical time series of power absorption, P(t), feedback voltage envelope, U(t), its instant frequency, ω in (t), envelope of voltage on the control wire inductor (see Fig.23 At last, due to relatively simple and expressively shaped chaos and relatively small fractal dimension in this case, we may try do draw three-dimensional projection of corresponding chaotic attractor. Two variants of the projection are shown in Fig.28 .
ON POWER THRESHOLD OF CHAOS.
In numerical simulations, we can set any gain and output power as we want. In practice, small-sized high-frequency amplifiers have rather limited output power. Therefore, consider rough analytical estimate of the smallest (threshold) power absorption by film which is sufficient for chaotic auto-generation.
Time averaging of the energy conservation law (6.3), if combined with the relations (6.4)
(at E 0 = 0 as it was seen) and (6.6) (i.e. for not too short-wave chaos), yields
where Ψ is the wave function considered in Sec.5, p is eccentricity of uniform precession, and P T is mean power absorption per unit volume (in dimensionless units). Hence, in according with the estimates of the minimum |Ψ| 's value, A min , which initiates wave instability (see Sec.5.5), we can estimate power level (per unit volume) which is sufficient for beginning of chaos as
In real units, for the total threshold power absorption, P thr , in a film with volume V this formula implies
where f u is uniform precession frequency (in s −1 ) and Γ remains dimensionless. 
In YIG film, at H 0 ≈ 550 Oe (i.e. ≈ 4 in dimensionless form) |κ| ≈ 1.4 and f u ≈ 3.2 · 10 9 s =1 . If take Γ = 0.007 , which corresponds to approximately 1 Oe halfwidth of linear FMR, and the volume be 7 mm ×2 mm ×10 micron then Eq.8 gives P thr ≈ 180 mW. However, the estimate is rather sensitive to energy losses, and at 0.5 Oe half-width of FMR it turns into ≈ 40 mW. Probably, this is still overestimated value since not the whole volume must be critically excited at threshold pump.
Conclusion
We On the latter subjects and, besides, physical properties of our ferrite (YIG) films and first practical applications of electro-magnetic chaos, generated with the help of these films, to direct microwave-frequency secure communication, see also our recent journal articles [1, 2] .
Principal conclusions what can be extracted from the aforesaid material are as follow.
(i) There are two main machanisms of the magnetic-wave chaos auto-generation. One is creation of non-regular chains of ("gray") envelope solitons composed (in in-plane magnetized films under our above consideration) primarily with 'surface" ("Damon-Eshbach") magnetostatic spin waves (MSW). Another mechanism is parametric energy transfer from these waves to relatively short "backward" MSW ("bulk" MSW) and reversed process.
(ii) The first mechanism dominates at not too large (in-plane) magnetizing field (therefore, generates lower carrier frequencies) but it needs in much smaller level of energy consumption (dissipation) in film and, hence, much smaller amplification in a feedback circuit. Besides, importantly, it produces much more "rich" chaos, which allows, in principle, to "hide" a large amount of information.
(iii) However, these advantages of the "parametric" chaos (as compared with the "soli-tonic" one) are accompanied with probable instability of the parametric interaction between surface and backward MSW, which may take form of explosive and irreversible transfer of energy from surface to short backward waves. A degree of the irreversibility is as large as great is number of excited backward wave modes per one exciting surface mode. At some regimes of auto-generation one can observe from time to time fast and practically full energy swaps into short backward waves and, consequently, sharp and long-standing suppressions of auto-generation (sometimes, under definite conditions, it may break for periods up to nearly µs ).
This phenomenon (in the presentation, we called it "parametric collapse") was observed both in numerical and real experiments (with good correspondence between them, though numeric procedures inevitably loss most short waves). Naturally, it can create strong obstacles to synchronization of chaos, because the breaks of auto-generation imply uncontrollable and hardly reproducible in "slave" system) phase slips.
(iv) Therefore, to avoid the "parametric collapse" but, at the same time, exploit parametric processes as much as possible, it is necessary to introduce some auto-regulation of (vi) These facts, seemingly, help to understand why, in spite of not high fractal dimension of the our chaos, we never observe "ideal synchronization", instead seeing only what can be termed "generalized synchronization". The matter is that, in the schemes under investigation, all the control and feedback signal are directly coupled with the "surface"
("Damon-Eshbach") MSW modes only. This is obvious from comparison of voltage-current spectra, -whose frequency band always lies near or higher the uniform precession frequency, -and numerically found spectra of local magnetization values (local precession) which can be concentrated mainly at twice lower frequencies or even four times lower ones (because of two successive parametric divisions of frequency), down to absolute lower bound of MSW spectrum (moreover, sometimes, -e.g. after the parametric collapse, -become concentrated just near this bound).
Therefore, it is not surprising if one of 4 effective relevant degrees of freedom of our system (the number 4 follows from fractal dimension between 3 and 4), -which is responsible for magnitude of short backward MSW and their energy exchange with surface MSW, -stays far out of control we used.
If this is true explanation of the generalized character of synchronization, then we have chances to improve the described results.
(vii) It appeared undoubt that even rather rough numeric simulations are useful not only for adequate theoretical of real experiments, but also for their planning.
Clearly, the described work leaved many unanswered questions and hypotheses waiting for numeric and experimental examination. This will subject of separate papers. 
